Abstract: Exploitation of Earth to satisfy the rising human demands, has led to its degradation at an exponential rate. This has led global warming to take the centre stage of major environmental concerns. This paper would contribute towards understanding of increasing international inter-linkages and their impact on the carbon emissions while, taking Kyoto Protocol as a policy variable. Thus, for the purpose of the study, Annex I and non-Annex I countries of the Kyoto Protocol, have been selected for the cross sectional study undertaken for two specific periods 1990 and 2010. The methodology applied for the study in the paper uses a simple regression analysis for two time periods across two sets of countries. The results of the paper point out the inefficacy of the Kyoto Protocol for the Annex I and non-Annex I countries while, keeping in mind that the countries have moved towards free trade.
Introduction
Climate change is major environmental threat to the humans. There has been an observed increase in the temperature of the globe, melting of ice and glaciers and increases in sea level all pointing towards the unequivocal rise in global warming (Huisingh et al., 2014) . International Trade and global climate change are closely linked. Sincere efforts are being made, by the way of signing multilateral agreements and environmental agreements so as to liberalise trade and to prevent global warming. This has led to an increase in the number of parallel regimes -like the Agreement establishing the World Trade Organization (WTO) and its annexes, the other by the UN Framework Convention on Climate Change and its Kyoto Protocol (UNFCCC Website, 2015) . These have come in close contact with each other to define climate policies which lead to significant impacts on the economies of various countries of the world.
Trade liberalisation has significant ramifications for the efforts to control climate change. On one hand, lowering the trade barriers and opening markets boosts economic growth, which tends to increase the green house gases (GHG) emission levels by increasing the levels of production. On the other hand, bigger markets spur technological innovations and diffusion, which can reduce the GHG levels in the economies. As trade policies have an impact on climate; in turn the climate policies would have significant implication for the trade relations and the trade regimes (Young, 2007) .
In the light of the problem to study the impact of trade policy on the environment, it is useful to distinguish three separate mechanisms by which trade and foreign investment policy can affect the level of pollution and the rate of environmental degradation. According to Grossman and Krueger (1991) , Acemoglu et al. (2014) and Antweiler et al. (1998) , there exists three effects of trade on environment. Firstly, there exists the Scale Effect which is defined as, that if trade and investment liberalisation causes expansion of economic activity and if the nature of that activity remains unchanged then, the total amount of pollution generated must increase. Secondly the composition effect results from any change in trade policy. When trade is liberalised, countries specialise to a greater extent in the sectors in which they enjoy competitive advantage. If competitive advantage is derived largely from the differences in environmental regulation, then the composition effect of trade liberalisation will be damaging to the environment. Each country then will tend to specialise more completely in the activities that its government does not regulate strictly and will shift production out of industries where the local costs of pollution abatement are relatively great. On the other hand, if the sources of international comparative advantage are the more traditional ones, namely cross-country differences in factor abundance and technology, then the implications of the composition effect on the environment are ambiguous. Thirdly, there exists a technique effect which implies that output need not be produced in the exactly same method subsequent to a liberalisation of trade and foreign investment; as it was prior to the change. This is due to the fact that foreign producers may transfer modern technologies to the local economy when restrictions are relaxed. More modern technology is typically cleaner than older technology due to growing global awareness. At the same time, if trade liberalisation generates income, then the government would demand a cleaner environment. Thus, more stringent pollution standard and stricter enforcement of the existing environment laws may be a natural political response to economic growth. While, the above paragraphs elaborate on the impact of trade liberalisation and its possible implications on environment. This paper is aimed at studying the impact of trade liberalisation in the light of the Kyoto Protocol Agreement. The Kyoto Protocol was adopted at the Third Conference of the parties to the UNFCCC in Kyoto, Japan on 11th December, 1997 2 Annex II: Parties consist of the OECD members of Annex I, but not the EIT Parties. These countries provide financial resources to developing countries to undertake emissions reduction activities under the convention and to help them adapt to adverse effects of climate change. In addition, they have to 'take all practicable steps' to promote the development and transfer of environmentally friendly technologies to EIT Parties and developing countries. Funding provided by Annex II Parties is channelled mostly through the Convention's financial mechanism.
3 Non-Annex I: Parties are mostly developing countries. Certain groups of developing countries are recognised by the convention as being especially vulnerable to the adverse impacts of climate change, including countries with low-lying coastal areas and those prone to desertification and drought. Others (such as countries that rely heavily on income from fossil fuel production and commerce) feel more vulnerable to the potential economic impacts of climate change response measures. The Convention emphasises activities that promise to answer the special needs and concerns of these vulnerable countries, such as investment, insurance and technology transfer. In the following paper only the countries under the Annex I and Non-Annex I Country group have been studied.
The paper is organised in the following manner; the second section contains a broad overview of the exsiting literature relating to the reseach being undertaken in the paper. The third section contains the theoritical model and the parameters used to study the research objectives of the paper. Section 4 contains the analysis of data as obtained through the application of the theoritical model developed in the precceding section. Further, this is succeded by Section 5 which ennumerates results of the data analysis undertaken. Finally, the paper concludes with sixth section which contains the limitations of the theoritical model, managerial implications of the study and further research direction.
Literature review
The role of free trade on environment has been an area of debate for ecologist and economist alike. On a parallel track, the relation between climate change and sustainable development has drawn attention of the policy makers across the globe. In parallel to G8 dialogue on climate change and sustainable development, majority of developed countries have committed to targeted-emission-reduction by being signatories of the Kyoto Protocol, which came into force in February, 1995. Accordingly, a carbon market is developing rapidly as a step towards the stabilisation of greenhouse gas concentration in the atmosphere to avoid dangerous global warming. The following section reflects back on the extensive literature review that exists in the sphere of Carbon Emissions and sustainability which would make the building blocks of the study being undertaken in this paper. Ekins (1997) points out that it is possible that the consumption of environmentally intensive goods is increasingly being met by imports. For example, there is some evidence showing that US pollution control programs have induced changes in the US trade pattern, favouring more imports of high-abatement-cost goods (Robison, 1988) . The environmental Kuznets curve (EKC) may be the result of international specialisation: poor countries may attract 'dirty' and material intensive production while richer countries specialise in clean and material extensive production, without altering the consumption pattern (Stern et al., 1996; Suri and Chapman, 1998) . If this hypothesis applies, the 'race to the bottom' is a fallacy because free trade does not promote a general deterioration of environmental standards, but instead it produces environmental improvement and economic growth in the North and environmental deterioration and economic stagnation in the South. From this viewpoint, in a free trade system, capital migration to poor countries will not convert affluent countries in 'absolute losers' (as Daly and Ayres fear). Instead, poorest countries may become the real losers by suffering the environmental load of 'affluent' consumption.
According to Porter (1999) , the race to the bottom does not apply to those countries with already high standards and strong institutions. However, in countries with low-standards and weak institutions, competitive pressures do have a substantial impact, creating what might be called the 'stuck at the bottom' effect. This could lead to a polarisation of the international environmental conditions.
According to Muradian and Martinez-Alier (2001) , the North is afraid of losing its high standards through eco-dumping from the South and it is interested in putting trade barriers based on environmental considerations. This strategy, however, may become easily an 'eco-imperialistic' measure. Currently, non-tariff barriers are the most important mechanisms halting international trade and ecological concerns may be used to hide economic interest of lobbies in the North. In this sense, the point of view from the South would be closer to that of environmental economists, who state that each country has the right to impose its own environmental standards according to its development priorities. But, the key part of the argument in favour of trade restrictions may be looked at from an opposite perspective. If one conceives international flows of cheap primary products (or environment-intensive products in general) as 'ecological flows', that is, as environmental-cost shifting from the importing to the exporting country, then freer trade can promote increasing environmental-load displacement from the importing to the exporting country. Imports of environment-intensive goods may be a way to improve local environmental standards at the expense of environmental degradation abroad.
On the other hand, there is empirical evidence showing that the growth of primary exports exhibits little or no external impact on the non-export sector, which constitutes the bulk of the economies in most developing countries (Fosu, 1996) . This evidence is against the staple theory of growth, a classic export-led development model that states that the expansion of the resource-based exporting sector induces higher rates of growth of aggregate per capita income due to links with other sectors of the economy (Watkins, 1963) . If the staple theory's assumptions are not well founded and the resource-exporting sector is 'delinked' from the rest of the economy, policies intending to promote (cheap) primary exports expansion as an engine of growth can be misled and they can lead to unsustainable ways of development. Thus, strategies of development intending to attract international capital to the export-oriented primary sector, as those implemented by Bolivia, Peru, Chile or Venezuela, for example, and also Indonesia and other countries in South East Asia, may lead to increasing (national and international) income distribution asymmetries and 'illusory' growth in the short term, but unsustainable development in the long term (Tussie, 1999) . Peters et al. (2011) have undertaken a study on growth in emission transfers via international trade between 1990 and 2008. The study showed that from 1990 to 2008 the CO 2 emissions of developed countries has stabilised while, emissions in developing countries has doubled. The studies quoted in the paper justify this by attributing the stabilisation and growth in CO 2 emission to rising imports of developed countries from developing countries. The results of the paper show that the net emission transfers via international trade from developing countries increased from 1990 to 2008 and it exceeded the Kyoto Protocol emission reduction.
The debate over the role international trade plays in determining environmental outcomes has at times generated more heat than light. Theoretical work has been successful in identifying a series of hypotheses linking openness to trade and environmental quality, but the empirical verification of these hypotheses has seriously lagged. Openness to international trade will have both positive and negative impacts on the environment and these impacts are decomposed into three pieces: scale, technique and composition effects (Grossman and Krueger, 1991) . The scale effect explains the negative environmental consequences after expansion of economic activity if the nature of the economic activity remains unchanged. The technique effect explains the positive environmental consequences of increases in income that call for cleaner production methods. The composition effects explain the trade-induced changes in the composition of output that affect pollution level. Frankel and Rose (2002) have modelled the effect of trade on the environment, controlling for income and other relevant factors. The main contribution of their paper is to address the endogeneity of income and especially trade, the latter by means of instrumental variables drawn from the gravity model of bilateral trade. According to the gravity model, trade is determined by indicators of country size (GDP, population, and land area) and of distance between the pair of countries in question (physical distance as well as dummy variables indicating common borders, linguistic links, and landlocked status). Such gravity instruments have recently been used to isolate the effect of trade in studies of economic growth.
The recent conferences of the parties to the United National Framework Convention on Climate Change (UNFCCC) seem to have managed to resuscitate what had seemed to be a sinking Kyoto Protocol, despite the US decision to abandon the agreement. However, the decisions taken during this process of post-Kyoto negotiations leave the Protocol riddled with all the many problems that had dogged the original agreement while further diluting its content. From the perspective of the developing countries of the south, the Protocol, which had been imperfect to begin with, is now all the more imperfect (Najam et al., 2003; Najam, 2001) .
In a specific context of agriculture production and trade it has been studied by Walkenhorst (2006) the reduction in trade barriers will impact the overall scale of agricultural activities thus, affecting the input-output mix, production technology and the regulatory framework. He argues that there will in turn influence the quality of environment by reducing or increasing the environmental harm. The findings of the study point out that in the medium term increase in the ruminant livestock leads to rise in methane emissions in some industrialised countries, this might require the attention of the policy makers in the context of the Kyoto Protocol commitments on greenhouse gas emission.
Some have argued that the first period targets set by the Kyoto Protocol, even if achieved, would be a rather meagre step at best (Najam and Page, 1998) , others have pointed out that the Protocol is best viewed as a long-term architecture for solving the climate problem through sequentially negotiated, legally binding emission caps (Grubb et al., 2002) . Up till now, the Kyoto process has been focused on the short-term need to launch the implementation phase, to get ratifications from the industrialised countries listed in Annex 1, and thereby to bring the Protocol into force. However, the focus on the longer-term objectives of the UNFCCC cannot be postponed for too long. Developing countries are bound to have a prominent role in meeting these goals, both directly (through emission caps) and indirectly (through emission trades). In this regards, the developing countries are now confronted by both challenges and opportunities. The challenges emerge from the fact that developing country concerns, which had always been marginal to the thrust of the UNFCCC, have become even more marginalised in recent COPs as energy has had to be diverted to get reluctant northern countries (those listed in Annex 1) to accede to the Kyoto Protocol.
Further in the context of Kyoto Protocol many developed countries in Annex II of the Kyoto Protocol have reported a decrease in emission and some have officially fulfilled their CO 2 reduction commitments. Thus, an independent study investigated the phenomenon of emission leakage. It confirmed that the sectors which successfully lowering their domestic emissions are often the same as those increasing their imports. Also, the fastest growing flow paths of carbon emissions embodied in traded goods originate outside the list of Annex II countries of the Kyoto Protocol. Lastly, the study has observed that the phenomenon of emissions displacement has already occurred for air pollution and despite aggressive legislations the major emitters of total air pollution has increased (Kanemoto et al., 2014) .
It has been argued that the divergent emission trend between developing and developed countries are a result of a transfer of emission between countries interlinked via the channel of international trade Global models of individual country analysis have provided more of country details but, lack the ability to consistently track changes over time (Ahmad and Wyckoff, 2003; Peters and Hertwich, 2008; Hertwich and Peters, 2009; Nakano et al., 2009; Davis and Caldeira, 2010) . Together these studies show the growing importance of international trade in contributing to the regional disparity in the carbon emissions, with most developed countries as importers and the most developing countries as exporters. Finally, according to Peters et al. (2011) , if studies give a robust result across countries and relevant time periods then global trade can act to facilitate emissions reductions for net importers and emission increases for net exporters.
In the recent times, a study undertaken by Xu and Dietzenbacher (2014) aims to quantify the driving force behind the growth of carbon dioxide emissions embodied in trade for which the World input-output database has been used to estimate data for 40 countries during 1995 to 2007 after which a structural decomposition analysis is applied. The results of the study point out that the growth of emissions embodied in the imports is much higher than the growth of emissions embodied in exports, the key reason behind the same is the change in the structure of trade. Producers and consumers in developed countries have shifted towards importing larger share of products from the emerging countries.
The literature on global pollution abatement has proceeded in several directions. First, are a large number of studies that employ computable general equilibrium models to examine the impact of unilateral or multilateral cuts on emission levels, GDP and consumption (Jorgenson and Wilcoxen, 1993; Perroni and Rutherford, 1993; Edmonds et al., 1999) . These studies typically assume environmental policy is fixed.
There is a small literature in international trade examining the links between trading regimes and environmental outcomes but much of this literature ignores the induced policy responses that trade may create, and has focused on the interaction between goods trade and trade in emission permits. Acemoglu et al. (2014) do allow for income-induced policy responses, but focus on the strategic interaction between rich and poor countries in the move from autarky to free trade in goods.
Research gap
Literature existing on CO 2 emissions, sustainable development and trade across various countries has helped to develop the research gap in the following paper. Hence, it was identified that there exists a dearth of knowledge and research connecting CO 2 emissions and openness of trade via Kyoto Protocol. The studies lack in tracing the pre and post effects of Kyoto on countries and how was the openness of trade affected. This paper is an attempt to connect the dots and aims to figure out relationship of the Kyoto Protocol on openness of trade.
Research objective
Given the research gap found in the preceding section by undertaking an intensive literature review, it has led to the development of the research objectives of the paper. Thus, the research objectives of the study can be highlighted as; Firstly, this study aims to understand the impact of trade openness on the carbon emissions for two specific time periods that is 1990 and 2010. Secondly, this study looks at the carbon emission through the perspective of the Kyoto Protocol. This implies that trade openness is studied to understand the efficacy of the Kyoto Protocol for the Annex I and Non-Annex I signatory countries. Finally, this study aims to compare the Kyoto Protocol efficacy for Annex I countries during their first commitment period of 1990-2012 with that of Non-Annex I countries of the Kyoto Protocol.
Theoretical model
In this paper the impact of free trade has been studied on the Carbon Emission while keeping the Kyoto Protocol in view. In the following study 113 countries 1 have been studied which have been divided into two sets: 35 countries which make up the Annex I countries and 78 countries which make up the Non-Annex I countries of the Kyoto Protocol. Further, the study is undertaken across two time periods that is 1990 and 2010.
This study has been undertaken across two time periods that is 1990 and 2010. The two particular years considered for the study have been chosen as: 1990; as is the reference year from which the carbon emission had to be reduced by the Annex I Countries. While, 2010 is the second period for the cross-sectional analysis considered for the study as it is a median year of the Commitment Period (Annex I Countries) of 200-2012. Hence, the comparison between these two years would help in understanding the efficacy of the Kyoto Protocol at the same time as that of increasing globalisation in the world. Here, globalisation implicitly assumes that it would lead to a rise in industrial production of the countries.
The statistical model being used can be enumerated as follows. 
iea.org/stats/index.asp), International Energy Agency electronic files on CO2 Emissions from Fuel Combustion).
3 Carbon dioxide emissions from electricity and heat production: Is the sum of three IEA categories of CO 2 emissions: a Main activity producer electricity and heat which contains the sum of emissions from main activity producer electricity generation, combined heat and power generation and heat plants. Main activity producers (formerly known as public utilities) are defined as those undertakings whose primary activity is to supply the public. They may be publicly or privately owned. For the CO 2 emissions from fuel combustions emissions from own on-site use of fuel in power plants is also included.
b Unallocated auto producers cause emissions from the generation of electricity and/or heat by auto producers. Auto producers are defined as undertakings that generate electricity and/or heat, wholly or partly for their own use as an activity which supports their primary activity. They may be privately or publicly owned. c Her energy industries contains emissions from fuel combusted in petroleum refineries, for the manufacture of solid fuels, coal mining, oil and gas extraction and other energy-producing industries (Source: IEA Statistics OECD/IEA, http://www.iea.org/stats/index.asp), International Energy Agency electronic files on CO2 Emissions from Fuel Combustion).
The trade openness index (TOI) has been created using the export of goods and services 2 data, the import data 3 and GDP data. 4 The TOI is calculated in the following manner (Hossain, 2011; BIS, 2013) :
Value of Exports Value of Imports TOI GDP
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Here, in the study of the components of TOI are measured in million, constant 2005 USD for all the countries. This helps to curb for the any inflation and fluctuations in the exchange rates. At the same time, the exports and Imports only include the good and services trade exclusively so as to keep parity with the Co2 emission source. Here, higher the value of the TOI shows more openness of the economy while smaller value shows the inverse.
Finally, a dummy variable has been used to categorise the two sets of countries where 1 signifies the Annex I countries and 0 for Non-Annex I countries.
Data analysis
A simple ordinary least square regression model is run on the data collected from all the secondary sources. The regression results will be enumerated in the following section. The regression results have been obtained by using Statistical Software GRETL. For detailed regression analysis results refer to Annexure 1. 2 1990 1990 18 when Dummy = 0, that is for Non-Annex I countries.
Analysis for the year 1990
Discussion and analysis
From the above regression analysis the following results can be deduced that in 1990, student t-statistics value is significant for the TOI in 1990 at 95% level of confidence (student t table value at 110 degrees of freedom is: 1.660). This implies that the TOI has a significant negative impact on the carbon emission in 1990. Further, it can be interpreted as a one unit change in the level of trade openness would lead to a 1.36 unit decline in the carbon emissions. Also, it is evident that in 1990, the Non-Annex I countries have a smaller drift coefficient that implies in case of closed economy the carbon emissions of the country minimum would be 16.581 units while, in case of an Annex I country the minimum emission would be about 18.604 units in a closed economy scenario. Here, the assumption being made is that the TOI is zero. Looking at the overall model in case of 1990, we see that only 22% has been explained by the model that is reflected in the R-square value while, statistically speaking the model is significant as the F-test table value (2,110) is 3.09 while, the calculated value is 17.98, thus it helps in rejecting the null hypothesis with 95% level of confidence. Now, moving on an looking at the regression results for the case of 2010, the student t-statistic value for TOI is significant at 90% level of confidence (student t table value at 110 degrees of freedom is: 1.290). Thus, this can be interpreted as one unit change in trade openness of the economy would have a negative 0.58 unit impact on the carbon emissions of the countries. From the 2010 regression equation it can be further deduced that in case of a closed economy scenario that is assuming that the TOI is zero for both Annex I and Non-Annex I countries, the carbon emission of countries are 18.78 units and 17.46 units respectively. Finally, looking at the overall significance of the 2010 regression equation we see that only about 12% of the model is explained with the given variables. While, in statistical terms the model is significant with 95% level of confidence as it can be tested with the help of the F-test [F-test table value (2,110) is 3.09].
Conclusions
The above study has helped in running a common thread through the concept of carbon emissions from specific sectors, Kyoto Protocol and trade openness level of economies. The results might seem consistent with the hypothesis that with the increase in the level of trade openness the level of carbon emission has been reduced specifically with the Kyoto Protocol coming into force in 2000.
Taking a closer look at the model being studied in the paper we see that in comparison from 1990 to 2010 assuming a fixed unit change in the trade openness the unit change in carbon emission has declined. In other words, post-Kyoto Protocol (2010) the reduction in the carbon emissions to trade openness is much lesser compared to the world scenario before Kyoto Protocol came into being in 1990. Taking a step further we also, see that assuming in case of a closed economy scenario in 1990 and 2010 the difference in the carbon emissions between the Annex I and Non-Annex I countries has declined, thus implying that with further trade there is an exacerbation in the carbon emission by the Non-Annex I countries. Finally, it is also evident that there has been no significant change in the level of carbon emissions of Annex I countries from 1990 to 2010 while, the Non-Annex I countries have shown a rise in the level of carbon emission during the same time frame. Hence, the regulatory policy makers need to account global emission embodied in imports if the developed countries enforce strong national emissions targets (Kanemoto et al., 2014) .
Thus, to conclude this paper is not only aimed at looking at impact of trade openness on the level of carbon emission but, also to study the efficacy of the Kyoto Protocol in the light of the same. This study further raises a question on the Kyoto Protocol clause about Green Technology transfers that are a mandate on the part of the Annex II countries (subset of Annex I countries) to the developing countries in order to reduce the level of carbon emissions across the globe. This is so as connecting emissions transfers to international, offset responsibilities is the most promising option from an environmental and economic perspective and may provide another rationale for international climate finance. The two alternative policy options of adjusting domestic emissions targets in developed countries and of implementing carbon-related tariffs and export subsidies are found to be environmentally ineffective in the latter case and economically detrimental, especially for developing countries, in both cases (Springmann,2014) .
Managerial implications
The research paper adds to the existing literature of trade openness and CO 2 emissions for 113 countries. The study has incorporated manufacturing and service sector industry in the context of their trade openness. The results will be beneficial for both the sector with respect to impact of Kyoto Protocol Agreement and help them better in analysing their sector and understand the trade implications with respect to the same. The study will add insights to the policy makers and implementers across the globe with reference to Kyoto Protocol. The comparative picture will help the industries analyse their change in CO 2 emissions due to increasing trade and how Kyoto Protocol has affected the aforementioned sectors. The research inputs will contribute in the existing policy framework of organisation like United Nations Framework Convention on Climate Change (UNFCCC), which is an apex body working towards curbing global GHG emissions. Apart from these companies investing in green technology in these countries will be benefited. The design and the framework of paper will help them strategies their product in the market. It will also help them understand the global trading linkages while keeping the Kyoto Protocol Agreement as the centre point for policy implications. The paper therefore, will contribute in managing their business across nations while working towards investing in greener technology and denouncing the race-to the bottom hypothesis. Table 1 
Limitations
One of the major problems faced in the context of the following study is the paucity of the data since, the collection and compilation of data of some countries began after 1990.
Exclusion of countries
In the following paper 80 countries have been excluded in all from the total of 193 countries due to paucity of data. The following limitation can has been enumerated in Table 1 , thus only 113 countries have been considered for the study.
Limitations of the TOI
The TOI could be misleading sometimes though, since lower the ratio does not imply high trade barriers to foreign trade but, may be due to other factors like the size of the economy and geographic remoteness from potential trading partners.
Kyoto Protocol
Production-based accounting used under the Kyoto Protocol does not account for carbon leakage -the phenomenon of countries reducing their domestic emissions by shifting carbon-intensive production abroad (Peters et al., 2011) .
Further research directions
The following are possible areas which could be studied in further detail to expand the study undertaken in this paper:
• In depth literature review regarding the policy changes in each of the 113 countries which could be a possible cause for the decline in the CO 2 emission along with rising levels of trade.
• Instead of only two years, 1990 and 2010 and cross sectional analysis, there is a need to look at the panel data for the 36 countries over time, by introducing a structural break at 2005, to isolate the policy effects of Kyoto Protocol binding.
